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© A nonwoven thermal insulating batt is provided. The batt comprises structural staple fibers and bonding 
staple fibers, the fibers being entangled and substantially parallel to the faces of the batt at the face portions and 
substantially perpendicular to the faces of the batt in the central portion of the batt. The bonding staple fibers are 
bonded to the structural staple fibers and other bonding staple fibers at points of contact. Also provided is a 
method of making the nonwoven thermal insulating batt which comprises air-laying a web of structural staple 
fibers and bonding staple fibers with the fibers being entangled and substantially parallel to the faces of the web 
at the face portions and in an angled, layered configuration in the central portions of the web. The air-laid web is 
reconfigured such that the fibers in the central portion of the web are substantially parallel and perpendicular to 
the faces of the web and the fibers are bonded to stabilize the reconfigured web to form the nonwoven thermal 
insulating batt. 
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NONWOVEN THERMAL INSULATING BATTS 



Field of the Invention 
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Background of the Invention 

bedspreads, are known. thermal insulation applications, primarily because 

Natural feather down has found w.de a ' cept ^^ in an envelope to control 

of its outstanding weight efficiency and res.hence. Properly fluffed and coma 
migration within a garment, ^wn is generally recogn^d a the sula - ^ ^ 
down compacts and loses its insulatmg propert.es drying process is required to 

r or ^=^^^ ^ which the down has 

C °Xre d have been numerous anempts to P^n^ "** ™" 

t0W US Patent No. 4,588,635 (Donovan) describes synthetic ^^^^^^ 
batts of plied card-laps of a biend of 80 to 95 synthetic 
polymeric microfibers having a diameter of from 3 to 12 ™ s an d 5 to g ^ ^ 

polymeric staple macrofibers having a d.amete r of o. ™ „ than 12, up to 5 ^ ^ . { 

this fiber blend as comparing favorably to down ^^S* possess similar compression 

will provide an equally efficient t^^^X^S Save superior loft retention while wet. 
properties, have improved wetting and *^Z T^ fLrs achieved during carding. An expanded 
These batts are formed by phys.ca. ^f 8 ^^^ et al DEVELOPMENT OF SYNTHETIC 
discussion of these same materials can be ^^^^^oit. Phase 1. 
; DOWN ALTERNATIVES '^^^^^^^l^ bulky product which has a 

r .-pSr- xsfSSi on - — as . „* - — 

3 particles of emulsion before accumulation of the filaments. . h fe web of D | ende d 

U.S. Patent No. 4,118,531 (Hauser) disdoses a ^J^^X^nZi and intertang.ed with 
microfibers with crimped bulking ^^^^^^^^^^ microfibers prior 
the microfibers. The crimped bulking f.bers are generally „ thickness and moderate weight, 
to their collection. This web combines high f™^" 1 ^^* ^ £L fi.ling materia, composed 

-s u S Patent No. 4,418,103 (Tani et al.) discloses the PW*°". °' a .f mu tuallv deviated phases, which 
of assembly of crimped mono— fibers ^ZS^^ ^ ^ end * ° f the fiberS 
fibers are bonded together at one end to ach,eve a thermal insulation properties. This 

stay free. This fi.l materia, is described as hav,ng upenor buHonsM and *e ^ ^ 

50 r;^^ .^r^rs.^ b - ski - and 

No. 4,59.400 (BoLiand) discloses a ^*££^^ ^ ^ « 
materia, being in the the ^bers being entangled 
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substantially in the same plane. 

U.S. Patent No. 4,433,019 (Chumbley) discloses another approach to thermal insulating fabrics wherein 
staple fiber is needle-punched through a metallized polymeric film and through a nonwoven polyester sheet 
and the film and sheet are placed adjacent to each other such that the needle-punched fibers protrude from 
5 each face of the fabric to produce a soft, breathable fleece-like material. 

U.S. Patent No. 4,065,599 (Nishiumi et al.) discloses down-like synthetic filler material comprising 
spherical objects made up of filamentary material with a denser concentration of filaments near the surface 
of the spherical object than the filament concentration spaced apart from the surface. 

U.S. Patent No. 4,144,294 (Werthaiser et al.) discloses a substitute for natural down comprising sheets 
w of garneted polyester which are separated into a plurality of small pieces, each of which pieces is generally 
formed into a rounded body. Each of the rounded bodies include a plurality of randomly oriented polyester 
fibers therein, and each of the rounded bodies provides a substantial resiliency to permanent deformation 
after the application of force to them. 

U.S. Patent No. 4,618,531 (Marcus) discloses polyester fiberfill having spiral-crimp that is randomly 
is arranged and entangled in the form of fiberbails with a minimum of hairs extending from their surface, and 
having a refluffable characteristic similar to that of down. 

U.S. Patent No. 3.905,057 (Willis et al.) discloses a fiber-filled pillow wherein the fibrous pillow batt has 
substantially all its fiber oriented parallel to one another and perpendicular to a plane bisecting a vertical 
cross-section of the pillow. A pillow casing is used to enclose these batts and to keep them in a useful 
20 configuration. These fiber-filled pillows are described as having a high degree of resiliency and fluffability, 
but are not contemplated as thermal insulation materials. 



Brief Summary of the Invention 

25 

The present invention provides a nonwoven thermal insulating batt having face portions and a central 
portion between the face portions comprising structural staple fibers and bonding staple fibers, the fibers 
being entangled and substantially parallel to the faces of the batt at the face portions of the batt and 
substantially parallel to each other and substantially perpendicular to the face portions of the batt in the 
30 central portion of the batt and the bonding staple fibers being bonded to structural staple fibers and bonding 
staple fibers at points of contact to enhance structural stability of the batt. 

The present invention also provides a method of making a thermal insulating nonwoven batt comprising 
the steps of 

a) air-laying a web of structural staple fibers and bonding staple fibers, the web having face portions 
35 and a central portion between the face portions and the fibers being entangled and substantially parallel to 

the faces of the web at the face portions of the web and in an angled, layered configuration in at least the 
central portion of the web; 

b) reconfiguring said web such that the fiber structure in the central portion of the web is substantially 
parallel and substantially perpendicular to the faces of the web; and 

40 c) bonding the fibers of the reconfigured web to stabilize the web to form a nonwoven thermal 

insulating batt. 

The nonwoven thermal insulating batt of this invention has thermal insulating properties, particularly 
thermal weight efficiencies, about comparable to or exceeding those of down, but without the moisture 
sensitivity exhibited by down. The reconfiguration of the web increases the thickness and specific volume of 
45 the web and, thus, the reconfigured web has improved thermal insulating properties of the same web before 
reconfiguration. 

Mechanical properties of the batt such as its resilience, resistance to compressive forces, and density 
as well as its thermal insulating properties can be varied over a significant range by changing the fiber 
denier, bonding conditions, basis weight and type of fiber. 

so 

Brief Description of the Drawings 

FIG. 1 is a representation of the normal fiber orientation in a web produced in an air laid process on a 
55 Rando Webber. 

FIG. 2 is a representation of the fiber orientation in a reconfigured batt of the present invention. 
FIG. 3 is a representation of the "lift" process, augmented with a brush, for preparing the batts of the 
present invention. 

3 
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« 4 is a represent »' « "" B 3 ~* " 

** ^fitSes me resuKs o. .he .nerma, insulaling -*» — - 8 ^ 

Comparative Examples C10-C11. 

Detailed Description of the Invention 

S(r „ a „ra, s,ap,e — , ~ 7T£^.~ ^ P^' * ^ = 

include, but are no. WW »• P°^^'^^ , S S* »ers are useful in preparing .he 

^ 1 10 10 c,imps,cm - ™ 9 

preferably having 3 to 5 crimps/cm, are P^"^" f the sent invention is preferably from 

the physical and thermal properties of the stab.hzed J*;*^™ while larger denier fibers increase 

.nsu Jng properties and decrease ^^^^Xi P^ ° f *e ba «" UsefU ' ^ ^ % 
, the compressive strength and decrease the thermal msutat ng p op ab|y ^ ^ t0 5 

the structural fibers preferably range from about 02 to 15 d ^ ^ bejng emp|oyed 

denier, most preferably 0.5 to 3 den.er, "*^^^ Bad ba tt. Small quantities of microfibers, 

r£s rs s?p^ — h - - m ay * 

5 be incorporated into the batts of the P^r^-,^^ the batts of the present invention, including 
A variety of bonding f ibers are su.tablefo use .nstotafM» us , y coatedi and bicom ponent 

amorphous, meltable fibers, adhes.ve coated fibers which .may t arrang ed in a coextensive 

bonding fibers which have an adhes.ve ^^T^^S^^ the length of the fiber with 
side-by-side, concentric sheath-core or eM ^ ^ ^ outer surface of the fiber. The adhes.ve 

30 the adhesive component form.ng at least a portton ot t « bonding _ so| t 

component of the bondable fibers may be bonded, for j" 6 ' < y dj fjbers must be thermally 
v por bonding, and salt bonding. The adhes.ve compon an » * b ° e s ^ ctural staple fibers of the 

abatable (i.e., meltabie) at a temperature below - fte m U jn the present invention, but 

batt. A range of bonding fiber s.zes, e.g. from abou t 0_5 to v than abQut fQur demer and 

35 optimum thermal insulation properties are reahzed rfjh. ^ smaller denier bonding fibers 
preferably less than about two den.er ,n , «». ^^^^ strength of the batt. while larger 
increase the thermal insulating P«*ert«^^dac^ ^co^^ properti 0 , 

denier bonding fibers increase the Wf^^f^ ™ m m to 75 mm. more preferably about 25 
the batt. The .ength of the bonding ber » p eferab^ abo rM5 mm ^ ^ fjbers ^ 

40 mm to 50 mm. although fibers as ,on 9^Jf°J n ^ n f a Ut 3 to 5 crimps/cm. Of course, adhes,ve 

« sheath-core bonding fiber having a core of crystall ^^J^J The sneath is heat softenable at a 
a n adhesive polymer formed from ^^f^^^f^S^ MeltyTM fibers from Unitika Corp. of 
temperature lower than the core matenal. Such fibers. y ^ ^ sheatn/core 

Osaka. Japan, are particularly useful m P"*^"^^ Sti^f STf— * 
ad hesive fibers may be used to .mprove **J™*^™J^ res ilience of the batt or fibers havmg 

50 examples Inch* fibers having a i ^^ C ^Zm^ the batts. 

^^^^ 

==-r:K««"fr^ ,rom 50 10 70 wei9ht percent 

55 structural fiber and about 30 to 50 weight percent ^J*J£; of providing thermal weight 

The nonwoven thermal insulabng batts of the '"^J 0 ^ f P erably at , east about 25 cio/g/m^x 

efficiencies of preferably at least about 20 c lo/g/m* x 1000 > y of the present inve ntion 
10 00 most preferably at least about 30 clo/g/m* x 1000. The 



-3 ro< err 1? i > 



EP 0 295 038 A2 



preferably have a bulk density of less than about 0.1 g/cm 3 , more preferably less than about 0.005 g/cm 3 , 
most preferably less than about 0-003 g/cm 3 . Effective thermal insulating properties are achievable with bulk 
densities as low as 0.001 g/cm 3 or less. To attain these bulk densities, the batts preferably have a thickness 
in the range of about 0.5 to 15 cm, more preferably 1 to 10 cm, most preferably 2 to 8 cm, and preferably 
5 have a basis weight of from 10 to 400 g/m 2 t more preferably 30 to 250 g/'m 2 , most preferably 50 to 150 

g/m 2 . 

The batts of the present invention are formed from air-laid webs of blends of structural staple fibers and 
bonding staple fibers. These webs, which can be produced on equipment, such as Rando WebberTW air- 
laying equipment, available from Rando Machine Corp., have a shingled structure which is inherent to the 

w process. FIG. 1 illustrates a typical air-laid web 10 formed on Rando WebberTW air-laying equipment. The 
fibers are laid down in shingles 11 which normally are inclined at an angle of between about 10" to 40° to 
the faces of the web. Some of the most important factors influencing the angle of the shingle include the 
length of the fiber used to form the type of collector used in the machine, and the basis weight of the web. 
Generally, longer fibers produce a web having a larger shingle angle than do shorter fibers. A web 

75 having a lower basis weight generally has a lower shingle angle than a similar web at a higher basis weight. 
The collector is generally an inclined wire or a perforated metal cylinder, the cylinder being preferred. 
Smaller diameter cylinders produce webs having a larger shingle angle than large diameter cylinders 
produce. The length of the web contact zone on the collector, i.e., the distance in which the web is in 
contact with the collector cylinder also affects the shingle angle with a longer distance creating a lower 

20 shingle angle. 

The shingled structure of the web can be used to advantage in creating a web structure that has 
superior thermal weight efficiency to down and that also has the resiliency of down. By reconfiguring the 
shingle structure from its original shallow angle of 10* to 40° , as shown in FIG. 1, to an angle of at least 
about 50* , preferably at least about 60* ; and most preferably approaching 90* , i.e., 80-90* , as illustrated 

25 in FIG. 2, the web becomes a substantially columnar structure which is capable of enduring compressive 
challenges and providing lower bulk densities than those associated with the starting web. The reconfigured 
web structure capitalizes on the natural resilience of the fibers by orienting them substantially lengthwise to 
the compressive forces exerted on the web. 

Several methods are presently available to effect the reconfiguration of the shingled structure in an air 

30 laid web, including, but not limited to, running two conveyer belts at differing speeds so as to move one 
face of the web at a faster down-web speed than the other, a "lift" process, a "sag" process and an 
optional "combing" or "brushing" step which can be added to either the "lift" or "sag" processes to cause 
an additional reconfiguring, or repositioning, of the fibers in the web. 

in the "lift" process, illustrated in Figure 3, air-laid web 31, which has the above-described shingle 

35 structure, passes from a first transport means 32, such as a conveyer belt, to a second transport means 33, 
such as a second conveyer belt, which is positioned slightly higher than first transport means 32. By 
"lifting" the web in this manner, the bottom surface of web 34 is shifted forward relative to the top surface 
of the web and the shingle structure 35 is concurrently moved toward a more vertical fiber configuration 
wherein the shingles of the web become more perpendicular to the surface. This process may require 

40 several "lifts" to achieve the desired amount of reconfiguration. In FIG. 3, a "brush" 36, which consists of a 
rectangular piece of 40-pound card stock 37 which is hinged at its top edge 38 so that the bottom edge 39 
tightly brushes the top of the web is utilized to introduce further reconfiguration of the shingle structure. 

In the "sag" process illustrated in FIG. 4, air-laid web 41, which has the above-described shingle 
structure, is allowed to drop from a first transport means 42, such as a conveyer belt, in an unsupported 

45 fashion, and then to develop a "sag" 43 before being picked up by a second transport means 44, such as a 
second conveyer belt. The "sag" causes the fibrous shingles of the web to move relative to one another 
and to the faces of the web such that a more vertical fiber structure is produced in the web whereby the 
shingles become more perpendicular to the surface. The addition of a comb 45, such as a 15 dent comb, 
which lightly contacts the top surface of the web after the "sag" can be used to introduce further 

so reconfiguration of the fibers, i.e., to cause the fibers to be even more closely vertical to the web face. This 
"sag" process is generally more efficient than the "lift 0 process, but may be less controllable, and, 
therefore, the "lift" process is generally preferred. 

While each of these processes results in a reconfiguration of the shingle structure in the central portion 
of the web, the comparatively non-directional, highly entangled fiber structure on the top and bottom faces 

55 of the batt which results from the air laying of the web is not significantly altered. 

After the web has been reconfigured, the web is heated sufficiently to effect interfiber bonding by the 
bonding fibers with other bonding fibers and with structural fibers to stabilize the reconfigured web to form 
the nonwoven thermal insulating batt of the invention. The temperature of the oven in which the web is 
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heated is preferably about 40 to 70° C above the temperature at which the adhesive portion of the bondabie 
fiber melts. 

The nonwoven thermal insulating batts of the present invention exhibit outstanding thermal insulating 
properties about comparable to or exceeding those of natural and synthetic down products. While the 

5 reasons for this outstanding performance are not fully understood at this time, it is speculated that the 

columnar structure of the reconfigured web contributes not only to the resilience of the web but also to ? 

reducing heat losses from radiation. It is suspected that this possible contribution of the columnar structure 

to reducing heat loss by radiation may be due to the fact that fibers radiate heat outward from their surface 

and with perpendicular fibers radiation is predominantly within the plane of the batt rather than outward from \ 

io the batt. 

While the principal application for the batts of the present invention lies in the area of light weight 
thermal insulation materials, they are also useful for a number of other areas, including acoustical insulation 
and cushioning applications where the work to compress, resilience, and loft retaining properties of the batts 
can be advantageously utilized. 

75 The following examples further illustrate this invention, but the particular materials and amounts thereof 
in these examples, as well as other conditions and details, should not be construed to unduly limit this 
invention, In the examples, all parts and percentages are by weight unless otherwise specified. 

In the examples, thermal resistance of the batts was evaluated with the heat flow upward, according to 
ASTM-D-1518-64, to determine the combined heat loss due to convection, conduction and radiation 

20 mechanisms. Heat losses due to the radiation mechanism were determined using a Rapid-K unit (Dynatech 
R/D Company of Cambridge, MA) with the heat flow downwards. 



Examples 1*6 

25 

Structural fibers (SF) and bonding fibers (BF) were opened and mixed using type B, Rando WebberTM 
air-laying equipment with the amounts and types of fibers as follows: 

30 

Example 1 : 

60% SF (FortrelTM Type 510, a polyethylene terephthalate fiber, 1.2 denier, 3.8 cm long, available from 
Celanese Corp.) and 

35 40% BF (MeltyTM Type 4080, a bonding core/sheath fiber, 2 denier, 5.1 cm long, available from Unitika 
Corp,); 



40 Example 2: 

60% SF (FortrelTM Type 417, a polyethylene terephthalate fiber, 1.5 denier, 3.8 cm long, available from 
Celanese Corp.) and 

40% BF (MeltyTM Type 4080, a bonding core/sheath fiber, 4 denier, 5.1 cm long, available from Unitika 
45 Corp.); 



Example 3: 

50 

60% SF (FortrelTM Type 510) and 

40% BF (MeltyTM Type 4080, 4 denier, 5.1 cm long); 



55 
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Example 4: 

45 SF (FortrefTM Type 510), 

10% SF (KodelTM Type 431, a polyethylene terephthalate fiber, 6 denier, 3.8 cm long, available from 
s Eastman Chemical Products, Inc.), and 

45% BF (MeltyTM Type 4080, 2 denier, 5.1 cm long); and 



70 Example 5: 

65% SF (FortrelTM Type 510) and 

35% BF (MeltyTM Type 4080, denier t 5.1 cm long); and 



Example 6: 

60% SF {Fortrel tm Type 510) and 
20 40% BF (Melty tm Type 4080, 2 denier, 5.1 cm long). 

The opened and mixed fiber blends were then air-laid using type B Rando WebberTM air-laying 
equipment to produce air-laid webs. In Examples 1-4, the web was reconfigured by allowing the web to sag 
to a depth of about 7 cm in an unsupported manner between a first conveyer, a slot conveyer, and a 

25 second conveyer, a galvanized wire screen conveyer, having a 10 cm linear gap between conveyers, the 
second conveyer being about 30 cm above the first conveyer, and the first conveyer travelling at a rate of 
2.4 m/min and the second conveyer traveling at a rate of 2.7 m/min. In Examples 5 and 6, the web was 
reconfigured by lifting the web from a first conveyer to a second conveyer, the second conveyer being 0 
cm linearly distant and 30 cm above the first conveyer, and both conveyers traveling at a rate of 2.7 m/min. 

so In Examples 1, 5, and 6, the web was further reconfigured by brushing the top of the web with a hinged 
panel of 18 kg/ream stiff card stock paper. In Example 2, the web was further reconfigured by combing the 
top of the web with a 15-dent textile loom comb. Each reconfigured web was then passed through an air 
circulating oven at the temperature and dwell time set forth in Table I to achieve a stabilized batt having the 
basis weight set forth in Table t. The thickness of each batt was determined with a 13.8 Pa force on the 

35 face of the batt and the reconfigured shingle angle was measured. The thermal insulating value for each 
batt was measured and the weight efficiency and thermal insulating value per cm thickness were 
determined. The results are set forth in Table f. 



Table i 

40 



Example 


I 


2 


3 


4 


5 


6 


Oven temp. {* C) 


160 


155 


155 


155 


160 


160 


Dwell time (sec) 


120 


120 


150 


120 


135 


120 


Basis wt. (g/m 2 ) 


67 


70 


90 


149 


142 


68 


Thickness (cm) 


2.5 


2.0 


2.6 


4.5 


3.8 


2.8 


Bulk density (g/cm 3 ) 


0.0027 


0.0035 


0.0035 


0.0033 


0.0037 


0.0024 


Reconfigured shingle angle (" ) 


60-70 


60-70 


60-70 


80-90 


70-80 


60-70 


Thermal resistance (cio) 


2.12 


1.91 


2.42 


3.56 


2.78 


2.08 


Weight efficiency (clo/g/m 2 x 1 000) 


31.6 


27.3 


26.9 


23.9 


19.6 


30.6 


Clo/cm thickness 


0.85 


0.95 


0.92 


0.79 


0.73 


0.75 



As can be seen from the data in Table I, the thermal insulating batts of the invention have excellent 
55 thermal resistance. The batts of Examples 1 and 6 possess exceptionally superior thermal weight 
efficiencies at low bulk densities. 
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Example 7 and Comparative Examples C1-C3 

Samples of QualiofiiTM, available from DuPont, Inc. (Comparative Example C1), HottofilTM 808, available 
5 from DuPont, inc. (Comparative Example C2), an unbranded commerciaily avaiiabie, resin bonded thermal 

insulation material, (Example C3), and a sample of batt prepared as in Example 1, except having a basis ? 
weight of 75 g/m 2 , (Example 7) were tested for basis weight, thickness, clo value, and weight efficiency. 
Then a sample of each batt t 28 cm x 56 cm was placed between two sheets of woven nylon fabric, 28 cm x 
56 cm, and the perimeter edges were sewn together to form a panel to simulate garment construction. Each r 
10 panel was used as a seat cushion, being subjected to repeated compressions, twisting, and sideways 
forces, for eight days. Each panel was then fluffed for 45 minutes in a clothes dryer on air fluff cycle, the 
batt measured for thickness, clo value, and weight efficiency, then laundered in a MaytagTM home washer 
using 41 minutes continuous agitation with warm water, and a gentle cycle followed by normal rinse and 
spin, and dried in a Whirlpool home dryer at medium heat on permanent press cycle after each 
is laundering. The thickness, clo value, and weight efficiency of each batt were again measured. All test 
results are set forth in Table II. 

Table II 



45 



Example 


7 


21 


C2 


C3 


Basis weight (g/m 2 ) 


75 


145 


116 


157 


Bulk density 










(g/cm 3 ) 










Initial 


0.0024 


0.0044 


0.0054 


0.0052 


Fluffed 


0.0051 


0.0055 


0.0056 


0.0067 


Laundered 


0.0045 


0.0055 


0.0059 


0,0069 


Thickness (cm) 










Initial 


3.2 


3.3 


2.2 


3.0 


Fluffed 


1.5 


2.7 


2.1 


2.4 


Laundered 


1.7 


2.7 


2.0 


2.3 


Thermal resistance 










(do) 










Initial 


2.6 


3.3 


2.8 


2.8 


Fluffed 


1.9 


2.8 


2.2 


2.5 


Laundered 


2.0 


2.4 


1.9 


2.3 


Weight efficiency 










(clo/g/m 2 x 1000) 










Initial 


34.9 


22,4 


23.7 


17.5 


Fluffed 


25.5 


19.3 


19.2 


15.7 


Laundered 


26.4 


16.7 


16.2 


14.3 



As can be seen from the data in Table li, the batt of Example 7 had greater thermal weight efficiency 
initially and after compression, fluffing, and laundering than the comparative thermal insulating materials. 



Example 8 and Comparative Examples 4-9 

55 

For Example 8, a batt was prepared as in Example 1 , except that the basis weight was 70 g/m 2 . The 
thermal conductivity for this batt was determined using a Rapid-K unit with the heat flow downward and 
series of reduced spacings between the hot and cold plates to increase bulk density. Linear regression 
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analysis of the data using bulk density (kg/m 3 and the product of the bulk density and thermal conductivity 
(W/mK) provided an equation where the radiation parameter is given by the intercept of the equation at zero 
bulk density. Similar determinations were also determined for two commercially available materials: 
QuallofilTW, 145 g/m 2 , available from DuPont, Inc., and a 157 g/m 2 commercially available resin bonded 

s thermal insulating material. The results are set forth in Table III together with radiation parameters 
calculated from published data for the other listed thermal insulating materials. 

The radiation parameter is particularly useful in determining the relative thermal emissivity of thermal 
insulating materials. Radiation heat losses become a more important factor in very low density materials 
where the fiber mass is small and heat loss due to thermal conductivity is minimized. The lower the 

10 radiation parameter, the lower the heat loss due to thermal radiation. 

Table III 



15 


Example 


Thermal insulating material 


Radiation 








parameter 




8 


Batt of invention 


114 




C4 


QualiofilTM 


184 


20 


C5 


Unbranded material 


290 


C6 


Synthetic down (U.S. Patent No. 4,588.635) 


137 




C7 


PoiarguardTM 


233 




C8 


HollofilTM II 


295 




C9 


Down 


137 



25 

As can be seen from the data in Table III, the thermal insulating batt of Example 8 yielded a lower 
radiation parameter than any of the comparative thermal insulating materials including down. 

30 Example 9 and Comparative Examples C10-C11 

Thermal insulating weight efficiency determinations were made on a batt prepared as in Example 2 
(Example 9), QuallofilTM thermal insulating material having a basis weight of 145 g/m 2 and a thickness of 3.3 

35 cm (Comparative Example C10), and unbranded commercially available thermal insulating material having a 
basis weight of 157 g/m 2 and a thickness of 3.1 cm (Comparative Example 11). Samples of each material 
were subjected to forces of compression and tested for thermal efficiency under compression. The results 
of these tests are shown in FIG. 5, where the solid line (A) represents the weight efficiency of the batt of 
Example 9 and the dotted line (B) and broken line (C) represent the weight efficiencies of the thermal 

40 insulating materials of Comparative Examples C10 and Clt, respectively. 

As can be seen from FIG. 5, the thermal insulating batt of Example 9 had better thermal weight 
efficiency at various thickness fractions than either the Quallofil tm or unbranded thermal insulating 
materials. 

45 

Claims 

1. A nonwoven thermal insulating batt having face portions and a central portion between said face 
portions comprising structural staple fibers and bonding staple fibers, said fibers being entangled and 

50 substantially parallel to the faces of the batt in the face portions of said batt and substantially parallel to 
each other and substantially perpendicular to the faces of said batt in the central portion of said batt and the 
bonding staple fibers being bonded to structural staple fibers and bonding staple fibers at points of contact 
to enhance structural stability of the batt. 

2. The batt of claim 1 wherein said structural staple fibers are present in an amount of about 20 to 90 
55 weight percent and said bonding staple fibers are present in an amount of 1 0 to 80 weight percent. 

3. The batt of claim 1 wherein said batt has a bulk density of less than about 0.1 g/cm 3 . 

4. The batt of claim 1 wherein said batt is from about 0.5 to 1 5 cm thick. 

5. The batt of claim 1 wherein said batt has a basis weight of from 10 to 400 g/m 2 . 
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6. The batt of claim 1 wherein said bonding staple fibers are bicornponent fibers having a support 
adhesive component, the adhesive component forming at least an outer portion of said fibers. 

7. The batt of claim 1 wherein said substantially perpendicular fibers are at an angle of about at least 
50 ° to the faces. 

8- A method of making a nonwoven thermal insulating batt comprising the steps of 

a) air-laying a web of structural staple fibers and bonding staple fibers, said web having face portions 
and a central portion between said face portions and said fibers being entangled and substantially parallel 
to said faces of said web at said face portions of said web and in an angled, layered configuration in at least 
said central portion of said web; 

b) reconfiguring said web such that said fibers in said central portion of said web are substantially 
parallel and substantially perpendicular to the faces of said web; and 

c) bonding said fibers of said reconfigured web to stabilize said web to form a nonwoven thermal 
insulating batt. 

9. The method of claim 8 wherein said reconfiguring is effected by lifting said web from a first transport 
means to a second transport means positioned higher than said first transport means to shift the bottom 
portion of said web forward relative to the top surface of said web. 

10. The method of claim 8 wherein said reconfiguring is effected by allowing said web to sag between a 
first transport means and a second transport means positioned higher than said first transport means to shift 
the bottom portion of said web forward relative to the top surface of said web. 
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